


Introduction to Remote Sensing Data  
for Flood Monitoring 



  Meteorology and hydrology parameters useful for 
flood monitoring 

  Overview of NASA satellites and models for flood 
monitoring 

  NASA remote sensing and model based data 
Information for flood monitoring 



Flood ? 
Flood: 
  Overflow of water from a water body on otherwise dry        
  land  

  Measured in terms of stream flow or the rate at which a   
  volume of water flows – measure of  depth, width, and speed     
  of water flow – expressed in cubic meters per second (m3/s)  

Flash Flood:  
A flood caused by heavy or excessive rainfall in a short period 
of time, generally less than 6 hours 

Inundation:  
Usually dry land surface that is covered with water – due to 
flooding or heavy rain 



Meteorology and Hydrological Information Crucial  
for Flood Monitoring   



Meteorology and Hydrological Information Crucial  
for Flood Monitoring   

  Rain Rate  and Accumulated Rain Amount 

  Snow Melt Rate  

  Terrain 

  Soil Condition: soil moisture, temperature, and cover 

  Reservoir/River Level 

  Strom Water Drainage System (urban floods)     



•  Rain     
•  Temperature  
•  Humidity 
•  Winds  
•  Soil Moisture   
•  Snow/Ice 
•  Clouds 
•  Terrain 
•  Ground Water 
•  Vegetation Index 
•  Evapotranspiration 
•  Run off 

All these quantities are available from satellite observations as well as from models 
Quantities in green are derived from satellite observations 
Quantities in red are from land and atmosphere-land models in which satellite 
observations are assimilated  

NASA satellites and atmosphere-land models provide global 
scale geophysical parameters on hourly, daily, seasonal, multi-
year time scales useful for flood monitoring and prediction 

For direct observations and/or 
for inputs to hydrology models 



NASA has -- 

  Several satellites in orbit with various 
instruments or sensors  

  plans for future satellite missions  

  Several earth system models which use 
satellite remote sensing observations  

 -- Providing quantities useful for flood  
      monitoring 



NASA Satellites for Hydrology  



Satellite	   Sensors	   Quan..es	  

TRMM Precipitation Radar (PR) 
TRMM Microwave Imager (TMI)  
 Visible Infrared Scanner (VIRS) 

Rain Rate, Vertical Rain 
Rate Profile, 
Accumulated Rain 

Terra and Aqua MODerate Resolution Imaging 
Spectroradiometer (MODIS) 

Snow Cover, Vegetation 
Index, Leaf Area Index, 
Land Cover, Cloud 
Cover 

Aqua Atmospheric Infrared Sounder 
(AIRS) 

Advanced Microwave Scanning 
Radiometer for EOS (AMSR-E) 

3-dimensional 
Atmospheric 
Temperature and 
Humidity, Cloud Cover 

Snow Water Equivalent, 
Sea Ice, Soil Moisture, 
Rain Rate 

Landsat (Enhanced) Thematic Mapper  
(ETM) 

Land Cover, Vegetation 
Index, Leaf Area Index 

Grace K-Band Ranging Assembly  Terrestrial Water 



Remote Sensing observations provide information where there 
are no ground-based measurements 

Non-uniform spatial and temporal 
coverage  by surface stations 

Summer time surface air 
temperature derived from 
measurements taken by 

Atmospheric Infrared Sounder 
instrument on-board NASA’s Aqua 

satellite 



NASA Model-derived Quantities for Flood 
Monitoring 



Value-added Information 

Remote Sensing + Surface Observations + Numerical Models 	  

Satellite 
Data 

surface Measurements and 
In-Situ Data 

Atmosphere/
Land Models 

Hydrology Model for 
Flood Monitoring/
Prediction 



NASA Models for Weather, Climate, and Hydrological 
Quantities 

•  MERRA:   Modern Era Retrospective-analysis  for   
   Research and Application 



Models	   Quan..es	  

MERRA 3-dimensional Winds, 
Temperature, Humidity, Clouds, 
Rain Rate ,Snow Mass, Snow 
Cover, Snow Depth, Surface 
Snowfall Rate,  Evapotranspiration 

GLDAS/NLDAS /VIC Evapotraspiration, Multi-layer 
Soil Moisture, Snowfall Rate, 
Snow Melt, Snow-Water 
Equivalent, Surface and  
Sub-surface Runoff 



Focus Today 

TRMM          TMI-PR-VIRS and multi-satellite merged data  
           (Rain) 

Terra/Aqua   MODIS data  (Surface Cover) 

MERRA  Global Model (Surface Temperature, Humidity, 
    Winds) 



TRMM Rain Data 
Tropical Rainfall Measuring Mission (TRMM) satellite  
observations used for flood monitoring: 

The TRMM Multi-satellite Precipitation Analysis (TMPA): 
Quasi-Global, Multiyear, Combined-Sensor Precipitation 
Estimates at Fine Scales: 

 Monitor near-real time rainfall – including flood inducing  extreme  
   rain events  

 Input/forcing to hydrological models that are used  to calculate    
  streamflow for  mapping flood and landslide potential 



TRMM: Tropical Rainfall Measuring Mission 
http://trmm.gsfc.nasa.gov/	  

 The first satellite mission 
dedicated to measuring 
tropical and subtropical 
rainfall - Launched on 27 
November 1997 

 First satellite to carry a 
microwave Precipitation Radar 

 Predecessor to Global 
Precipitation Measurement 
(GPM) mission to be launched 
in 2013-14.  



  A non-polar, low inclination orbit 
   Revisit time ~11-12 hours, but time of 

observation changes daily 

 One active and two passive rain 
sensors 

  Precipitation Radar (PR) 
  TRMM Microwave Imager (TMI) 
  Visible and Infrared Scanner (VIRS) 

 Multiple rain products available from 
individual sensors, at varying spatial 
resolutions, (details given in  
Appendix) 

TRMM 

There are 16 TRMM orbits a 
day covering  global tropics 
between 35° S to 35°N 
latitudes 

Altitude - of approximately 350 
Km, raised to 403 Km after 23 
August 2001 



TRMM PR and TMI Rain Data 

PR: Swath = 220 km (247 km)        TMI: Swath = 760 km (870 km) 
              Pixel Size:    5 km                            Pixel Size : 5 to 45 km    
                                                                       (channel-dependent) 

Strength:  High pixel resolution, Accurate measurements 
Limitation: No global coverage on daily basis 



TRMM 3B42:  
Combines PR and TMI rain rates 

Inter-calibrates passive microwave rain rates from     
  SSM/II, AMSR and AMSU-B satellite sensors 

Inter-calibrates with national and  international geostationary and NOAA low     
  earth orbiting satellites infrared measurements by using VIRS 

Final rain product is calibrated with rain gauge analyses on a monthly time 
scale. 

SSM/I: Special Sensor Microwave Imager 
AMSR: Advanced Microwave Scanning Radiometer 
AMSU:  Advanced Microwave Sounding Unit  



Combined microwave precipitation estimate for the 3-h period centered at 0000 UTC 
25 May 2004 in mm/h-1. Blacked-out areas denote regions that lack reliable estimates 

. 

The TRMM Multi-satellite Precipitation Analysis (TMPA) 
Combined Microwave Estimates 

(From Huffman et al. 2006,  J. of Hydrometetorology) 



 TMPA Surface Rain Rate Data (mm/hour)    



Examples: Flood Monitoring 

Heavy rains (in mm/day) and flooding over Oklahoma 
as observed from TRMM (6/20/2007) 



Terra/Aqua 
MODIS  

Used for Inundation Mapping 



MODerate Resolution Imaging Spectroradiometer (MODIS) 
http://modis.gsfc.nasa.gov 

•  Flying on-board  Terra and 
Aqua – polar orbiting 
satellites 

•  Global measurements, 2 
times per day 

•  36 spectral bands observing 
atmosphere, ocean, and 
land properties 

•  Measurement footprints 
vary from about 250 m to 
~1 km 

Terra 
8/11/2003 

Aqua 
6/19/2003 



 MOSDIS Data for Inundation Mapping 

Strength:  Globally consistent 
Limitation:   Data can not be retrieved when clouds are present   



Modern Era Retrospective-analysis for 
Research and Applications: MERRA  

•  Merges remote sensing and in-situ observations with the 
latest Earth systems models 

•  Weather, climate, climate variation for both research and 
applied decision making 

http://gmao.gsfc.nasa.gov/merra/ 



•  Blends the vast quantities of observational data with output data 
of the Goddard Earth Observing System (GEOS) model [1979-
present] 

MERRA 



MERRA Temperature, Humidity, and Wind 



NASA interactive web-tool for data access, 
analysis, visualization: 

Giovanni 
http://giovanni.gsfc.nasa.gov/   

NASA interactive web-tool for data search, 
spatial and temporal selection, and access 

MIRADOR 
http://mirador.gsfc.nasa.gov 



NASA Remote Sensing and Model-derived Data 

•  NASA remote sensing and model-based data are FREE 

•  Web-based tools available for data access, analysis, and 
downloading 

•  Choices of quantities from various sources according to 
applications and end-user needs 

•  ARSET Team directly works with end-users through 
‘hands-on’ trainings to facilitate applications and 
decision support activities with NASA data 



Thank You! 

Amita Mehta     email: amita.v.mehta@nasa.gov 



Appendix 

Information about  
   Data Products 
  Data Access 



Characteris.c	  
Visible	  Infrared	  
Scanner	  (VIRS)	  

TRMM	  Microwave	  
Imager	  (TMI)	  

Precipita.on	  
Radar	  (PR)	  

Frequency/
Wavelength	  

0.63,	  1.6,	  3.75,	  
10.8,	  12	  μm	  

Helps calibrate TRMM 
measurements with those 

of Polar Orbiting 
Environmental Satellites 

(POES) and 
Geostationary 
Operational 

Environmental Satellites 
(GOES)	  

10.65,	  19.35,	  37.0,	  
85.5	  GHz	  dual	  
polarizaFon,	  
22.235	  GHz	  
verFcal	  

polarizaFon	  

13.8	  GHz	  
horizontal	  
polarizaFon	  

Pixel	  Size	   2.1	  km	  
Ranges	  from	  5	  km	  
at	  85.5	  GHz	  to	  45	  
km	  at	  10.65	  GHz	  

4.3	  km	  at	  nadir	  

Swath	  Width	  
720	  km	  
(833	  km)	  

760	  km	  
(870  km)	  

220	  km	  
(247	  	  Km)	  

TRMM Data  



TRMM Rain Data (Level 1 and 2) 

Level	   Visible	  Infrared	  
Scanner	  	  

TRMM	  
Microwave	  
Imager	  

Precipita.on	  
Radar	  

PR	  and	  TMI	  
Combined	  Products	  

Level	  1	   Visible	  &	  IR	  radiances	   Microwave	  
brightness	  
temperatures	  
(1B11)	  

Radar	  return	  
power	  &	  
reflecFvity	  
(1B21,	  1C21)	  

NA	  

Level	  2	   NA	   TMI	  profile	  for	  
CLW,	  prec.	  water,	  
cloud	  ice,	  prec.	  

ice,	  latent	  heat,	  &	  
surface	  rain	  

(2A12)	  

PR	  surface	  cross-‐
secFon	  &	  path	  
a`enuaFon	  

(2A21),	  rain	  type,	  
storm,	  &	  freezing	  
height;	  (2A23)	  PR	  
profile	  for	  rain	  
rate,	  reflec.,	  
a`enuaFon,	  &	  
rain	  top/bo`om	  
height	  (2A25)	  

Rain	  rate,	  drop	  size	  dist.	  parameters,	  
path	  integrated	  a`enuaFon	  

(2B31)	  



Giovanni: GES-DISC (Goddard Earth Sciences Data and 
Information Services Center) Interactive Online Visualization 
ANd aNalysis Infrastructure 

Giovanni is a Web-based application  to visualize, analyze, 
and access geophysical data without having to download the 
data. 

Giovanni is comprised of a number ‘portals’, each for 
gridded, Level-3 geophysical quantities from different 
satellite/sensors and models. 	  

What is Giovanni? 



Rain: Giovanni Hydrology Portal 
TRMM Online Visualization and Analysis System (TOVAS)  



Giovanni – Select Data 

TRMM 
Rainfall Data 
Products 



Giovanni:  Select Spatial-Temporal-Visualization Options 

Spatial 
Selection 

Temporal 
Selection 

Parameter 
Selection 

Visualization 
Selection 

Generate 
Visualization 





Giovanni:  Visualization  

Select minimum and 
maximum values, color 
palate for display 

Download Data 

Refine plot options 



Giovanni: Data Download Options 

HDF, NCDF, ASCII Formats 

Display on Google Map GIF Image 



GPCP_RAIN.2.2                                TRMM_3B42.007 

Data Product Names: What to know? 
Examples 

Project 
Name 

Quantity 
Version 
number 

Version 
number 

Satellite 
Name 

Product 
number
/name 

AIRXSTM.005     AIRXSTD.005 

Instrument 
name 

Standard 
Product 

Version 
number 

Monthly Daily 

MAT1NXSLV.5.2.0 

MERRA 
Atmospheric 

Single 
 Level 

Version 
number 



http://mirador.gsfc.nasa.gov 
What is MIRADOR ?  

Mirador : is an earth science data search tool developed at  
     the GES DISC. It has a simplified  interface that  

              allows spatial and temporal parameter subsetting,     
               and an interactive shopping cart.   



Mirador supports 
Searching by: 

Keyword 
Time span 
Location 
Event 

A  simple, clean interface that employs the Google mini 
appliance for metadata keyword searches. 

Semantic 
 Mirador 

Mirador – Simple Search 
http://mirador.gsfc.nasa.gov/ 



Mirador – Search http://
mirador.gsfc.nasa.gov/ 

Search results lists all 
available data products that 
match criteria, along with 
product information and 
statistics. 

Viewable and downloadable 
granule lists for each product. 

Spatial and Parameter 
Subseting 



Mirador – Checkout 

Checkout offers multiple 
ways to download the 
data: 

Java-based  
Downloader 

URL List 
FTP Batch Script 
On The Fly Tar 

DownThemAll 


